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Abstract
Lignin has been considered as an important factor to effect the enzymatic hydrolysis of lignocellulose. In
this study, impact of lignin content on enzymatic hydrolysis was investigated using sweet sorghum bagasse
(SSB) delignified by NaOH or Ca(OH)2 pretreatment. For NaOH pretreated samples, a negative correlation
between cellulose conversion rate and the residual lignin content has been found when the lignin content is
between 18.93 % and 8.72 %. Further delignification of sample can’t increase efficiency of enzymatic
hydrolysis anymore. For Ca(OH)2 pretreatment, there is no correlation between lignin content and cellulose
conversion rate. More interesting is that the lignin content of SSB pretreated with 10 % NaOH (17.32 %) is
closed to that pretreated with 10 % Ca(OH)2 (16.42 %), but the cellulose conversion rate of the latter was
1.71 times of the former. While the surface lignin content of 10 % NaOH pretreated SSB was 1.52 times
higher than Ca(OH)2 pretreated SSB. These results demonstrated that the impact of lignin content on
enzymatic hydrolysis of NaOH and Ca(OH)2 pretreated SSB was different. The lignin removal is mainly
contributed to the enzymatic hydrolysis of SSB treated with NaOH, while the contribution of Ca(OH)2 to the
enzymatic hydrolysis of SSB was complex and needed to be studied further.
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1. Introduction
Lignocellulose as a renewable resource is considered to be an essential feedstock for the production of
liquid biofuels, commodity chemicals and biodegradable materials in the near future [1]. The conversion of
cellulose from lignocellulose to fermentable sugars is a decisive step for carbohydrate utilization which yet
is a complex task [2]. Regarding lignocellulose structure, a number of factors are thought to have significant
impacts on enzyme accessibility and efficiency, such as lignin content, lignin distribution and its structure,
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cellulose crystallinity, the degree of polymerization and substitution of hemicellulose [3,4], and so on.
Considering lignin related issue, plenty of research related to improving enzymatic hydrolysis by
delignification has been studied [5,6]. However, no works have been reported to compare the impact of
different delignification methods on lignin content and enzymatic hydrolysis of sweet sorghum bagasse.
In this paper, we investigated the influence of NaOH and Ca(OH)2 pretreatment on the lignin content and
sugar release of sweet sorghum bagasse.
2. Results and discussion
Impact of lignin content on enzymatic hydrolysis was investigated by using sweet sorghum bagasse (SSB)
pretreated with NaOH or Ca(OH)2. For NaOH pretreatment, NaOH dosage (g NaOH /g SSB) is the most
dominant variable for enzymatic digestibility. When the NaOH dosage increased from 10% (0.1g NaOH /g
SSB) to 20%, the glucan conversion increased from 37.81 % to 84.97 % (Fig.1(a)). Neither twice the
pretreated time nor double NaOH concentration had significant influence on glucan conversion rate for 10%
NaOH pretreated SSB. A negative correlation between cellulosic digestion and the residual lignin content
was found for NaOH pretreated SSB while the lignin content was between 18.93 % and 8.72 %. Further
delignification of sample can’t increase efficiency of enzymatic hydrolysis anymore. For Ca(OH)2
pretreatment, pretreat time was key parameter for enzymatic digestibility. With increasing Ca(OH)2
pretreatment time from 0 h to 48 h, the conversion rate of glucan increased from 24.17 % to 64.69 %. While
increasing the Ca(OH)2 loading from 0.1 g to 1 g Ca(OH)2/g SSB had no obvious positive effect on the
efficiency of enzymatic hydrolysis. It is showed the lignin content has no correlation with enzymatic
hydrolysis of Ca(OH)2 pretreated SSB. More interesting is, the lignin content of SSB pretreated by 10 %
NaOH (17.32 %) is closed to that of 10 % Ca(OH)2 (16.42 %), but the cellulose conversion rate of the latter
was 1.71 times of the former.
Since the effect of alkalis on lignocellulose was mainly reflected from structure of lignin and
hemicellulose, the acetyl removal of lignocellulosic substrates was also studied, and the results are shown in
Fig.2. The results showed that the removal of acetyl was increased with increasing NaOH dosage or
Ca(OH)2 pretreat time. The results showed that the removal of acetyl was so easy that almost all the acetyl
was removed after alkaline pretreatment. However, there was no obvious correlation between acetyl removal
Fig.1 Impact of acid soluble lignin (AL) and acid insoluble lignin (AIL) content on the conversion of cellulose(C)
and hemicellulose (H) (left is NaOH treatment (a), right is Ca(OH)2 treatment (b) )
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and enzymatic hydrolysis efficiency.
Moreover, we also studied the effect of topochemical of lignin on sugar release. The Surface coverage by
lignin was measured by X-ray photoelectron spectroscope (XPS), the results shows that the surface lignin
content of 10 % NaOH pretreated SSB was 1.52 times higher than Ca(OH)2 pretreated SSB. That maybe a
reason resulted in the lower glucan conversion of NaOH treated SSB than that of Ca(OH)2 treated SSB at the
similar lignin content.
3. Conclusion
Alkaline pretreatments are efficient pretreatment technologies for enzymatic hydrolysis of SSB. All the
results demonstrated the pretreatment mechanisms of NaOH and Ca(OH)2 were different via comparison
the substrate structures treated with NaOH or Ca(OH)2. The lignin removal was mainly contributed to the
enzymatic hydrolysis of SSB treated with NaOH, while the contribution of Ca(OH)2 to the enzymatic
hydrolysis of SSB was complex and needed to be studied further.
4. Methods
4.1 Alkali treatment
The NaOH pretreatment were carried out by the following conditions: 0.05~0.3g NaOH/ g SSB, 95 °C,
0.5 h; The conditions for Ca(OH)2 pretreatment were: 0.1g Ca(OH)2/ g SSB, 25 °C, 0~48 h.
4.2 Enzymatic hydrolysis of the samples
Enzymatic hydrolysis of the samples were carried according to the method reported by reference [9].
4.3 Acetyl content
Acetyl content of samples were determined according to the method reported by reference [10].
Fig.2 Impact of acetyl removal on the conversion of cellulose(C) (left is NaOH treatment (a), right is
Ca(OH)2 treatment (b) )
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4.4 The content of surface lignin
Surface lignin content of samples were determined according to the method reported by reference [11].
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